Objective: To study the reproducibility of a food frequency questionnaire used to assess past dietary habits. Design: Repeated retrospective assessment of dietary habits of a population sample. Setting: Uppsala-O È rebro Health Care Region of Sweden. Subjects: One-hundred and four subjects participating as control subjects in a case ± control study on thyroid cancer. Interventions: Between spring 1993 and spring 1994 a case ± control study was conducted in the study area, in order to investigate risk factors for thyroid cancer Ð diet among others. The study subjects reported their consumption of selected foods with reference 1 ± 5 y before, as well as dietary changes that occurred from adolescence to adult age. One year later 197 control persons were invited to provide a second report of the same food items. Of the invited subjects 104 agreed to participate. Results: The median Spearman rank correlation coef®cient between the ®rst and second assessment was 0.58 for food consumption and 0.56 for nutrients intake. Correlation between the two assessments varied greatly between food items, ranging from À0.03 to 0.83. The correlation was positively related to the frequency and negatively related to the skewness of consumption. The recall of dietary changes from adolescence had a median correlation coef®cient of 0.38 (range 0.19 ± 0.69). There were hints of a higher reproducibility of dietary reports among men and among highly educated subjects (more than 11 y of education), but these differences were statistically signi®cant only for recall of adolescent diet. Reproducibility of nutrients intake was also signi®cantly higher among men than among women, as well as among subjects older than 45 y. Conclusions: The reproducibility of dietary reports was satisfactory. Among factors affecting reproducibility, frequency and homogeneity of consumption in the source population are presumably the most important. Age, sex and education modify the inter-subject reproducibility of past diet. Based on reproducibility of a semiquantitative index, the recall of adolescent diet probably has a low validity.
Introduction
New and progressively more re®ned instruments are proposed for dietary assessment, (Bingham et al, 1994) with the scope of increasing the precision and validity of the assessment. Although recording purely quantitative information, the dietary assessment is in fact ultimately dependent on the subjects' ability of recall, and this is, in its turn, subjected to a variety of modifying stimuli (Smith, 1993) .
Because of their relatively inexpensive and practical administration, food frequency questionnaires (FFQ) have been, and will probably remain, the main instrument to assess diet in epidemiological studies (Buzzard & Sievert, 1994; Willett, 1994) .
Different approaches have been used to estimate the validity and reliability of FFQ. The extent to which subjects tend to agree with their own previous dietary reports (reproducibility) provides an appealing method for a preliminary judgement. Good repeatability indicates primarily a good precision, which may indeed also be assumed as a condition of validity, although consistently biased reports are possible (Armstrong et al, 1992; Block, 1982; Dwyer & Coleman 1997; Willett, 1998) .
The reproducibility of FFQ used in speci®c epidemiological analytical studies has often been assessed. However, FFQ is most often administered to assess diet in a recent past (eg in the last 12 months before the interview). The question of whether this type of questionnaire is as reproducible for assessment regarding periods far back in time has seldom been addressed .
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in detail before. To gain better insights into these issues we conducted a study of reproducibility of diet reports among control subjects participating in a case ± control study of thyroid cancer, with focus on dietary habits some years prior to the ®rst assessment.
Subjects and methods
Study subjects and modality of data collection Details on the case ± control study and the recruitment of the study subjects are described elsewhere (Galanti et al, 1996 (Galanti et al, , 1997 and will be only summarized here. The case ± control study included information on 165 patients (130 women, 35 men) with thyroid cancer and 248 age and gender-matched controls (198 women, 50 men) in the Uppsala-O È rebro Health Care Region in central Sweden.
The instrument consisted of a self-administered food frequency questionnaire (FFQ) encompassing 56 items (listed in the Appendix). The list of food comprised both items on which there existed a de®ned hypothesis in the analytic study and items largely represented in the Swedish diet and were generally available for most of the year.
All questions about foods aimed to obtain an average frequency of consumption, given standard portion sizes. For foods that traditionally are consumed more often in the Swedish diet (seven items) and for all beverages (eleven items), average number of servings was requested, per day, week or month. For less frequently consumed foods (38 items), consumption was given in a range of six pre-coded frequencies, from`never or less than once a month' tò once a day or more often'. The point in time to which the assessment was referred was given as 1 ± 5 y prior to the interview (reference age). Those subjects who were 21 y or older at the reference age were also asked to indicate whether the consumption of each listed food had decreased, remained stable or increased from adolescence (age 15) to the`reference' age.
The return of the questionnaire was followed by a complementary telephone interview in case of incomplete or contradictory answers. This procedure was followed for about 50% of the study subjects.
One year after the ®rst assessment, 197 of the 248 control persons who answered the questionnaire in the cause of the case ± control study were invited to complete an identical form. In order to avoid the in¯uence of seasonality (Subar et al, 1994; Tsubono et al, 1995) the second assessment was conducted in the same period of the year ( + 1 month) as the ®rst one. We obtained 104 paired reports from 82 women and 22 men, in a range of age 19 ± 74 y at the time of the ®rst interview (median age for men 51 and median age for women 45). No reminders and no complementary interviews were performed at the second assessment.
Statistical analysis
For the purpose of the statistical analysis all given frequencies of food consumption were reported to an index of monthly consumption. Monthly nutrient intake was calculated from the monthly frequency of consumption of individual food items, the portion size, and the mean content of each nutrient in a standard portion. For this last information we used the Swedish Tables for Food and Nutrients, edited by the Swedish Food Administration Board and available as a computerized database (Bergstro Èm, 1992). When analysing aggregated food groups and nutrient intake, missing values in the original FFQ were treated as null consumption.
The analysis of dietary reports encompassed all 56 food items in the questionnaire and 10 constructed aggregated food groups (see the Appendix). Means and standard deviations were used to describe the intake of food, food groups and nutrients. The one-sample t-test was used to evaluate whether there existed any possible systematic differences between the two assessments. The multivariate analogue to the one sample t-test, Hotelling's T 2 statistic (Johnson & Wichern, 1992) , was used to make a simultaneous comparison of the means for all the individual items.
In order to understand whether selection of the study base had occurred on the basis of dietary habits, we compared the initial dietary reports of subjects participating and not participating in the reproducibility study. Twosample t-tests were used for testing the hypothesis of the mean consumption for individual food items and the Hotelling T 2 statistic were used for the overall comparisons. The reproducibility for food and nutrients intake in continuous form was estimated by the Spearman rank correlation coef®cient. Intakes of most nutrients tend to be positively correlated with energy intake. To eliminate the effect of energy we also calculated correlation coef®-cients based on energy-adjusted nutrient intakes, following the regressionaresidual method described by Willett and Stampfer (1986) .
The same cut-off points as in the original case ± control study (Galanti et al, 1997) were used to construct categorized variables. For most foods, this corresponds to tertiles of the distribution. When distributions were very skewed, a different categorization was used which implied that no category would contain less then 10% of the observations. This resulted in two or three categories for each food item. Categorized nutrients variables were constructed based on the quartiles of the distributions for the two assessments separately. Agreement (the proportion of subjects classi®ed in the same category), the kappa coef®cient and the weighted kappa coef®cient were calculated to measure the reproducibility for the categorized variables. The disagreement weights were based upon the absolute distance between the categories in the two assessments (SAS, 1996) . This will give a larger decrease in the weighted kappa when disagreements are larger between categories.
We further studied the relation between reproducibility and the distribution of the food consumption. To this end, the food items were categorized into tertiles of mean consumption and of skewness at the ®rst assessment. The mean was assumed to be an indicator of frequency of consumption in the underlying population, while the skewness was assumed to indicate the prevailing patterns of consumption in the source population. The arithmetic means of the Spearman correlation coef®cient within each tertile of the two variables were calculated.
To measure the reproducibility of the alleged changes of diet from adolescence the possible alternatives Ð decreased, remained stable and increased Ð were coded 1, 2 and 3 respectively. Because of the hierarchy of these alternatives, the Spearman correlation coef®cient was calculated to measure the reproducibility in addition to the kappa coef®cient. The analyses were based on the individual food items and milk (other beverages excluded).
The reproducibility of food consumption, nutrients intake and dietary changes from adolescence was analysed separately in subgroups of gender, age at interview and Reproducibility of diet reports LM Hansson et al educational level. The Wilcoxon signed rank test for paired observations was performed (Mendenhall et al, 1989) to compare the median Spearman correlation coef®cients in these subgroups.
Generally a sequentially rejective variant of the Bonferroni procedure proposed by Holm (1979) was used to control the simultaneous signi®cance level and avoid the mass signi®cance problem. Signi®cance level 0.05 is used throughout.
Results
Neither the overall test (P 0.57) nor the pairwise differences (after adjustment for multiple comparisons) showed any statistically signi®cant difference, when comparing the dietary reports of participants and not participants in the reproducibility study.
The same low degree of discrepancy with no statistically signi®cant differences (after adjustment for multiple comparisons) was seen between ®rst and second reports of the reassessed subjects. For all food items together the median number of servings per month in the ®rst assessment was 4.0 and in the second assessment 4.4.
The reproducibility of the dietary recall for single food items, measured by the Spearman correlation coef®cient, ranged from À0.03 (®sh pate Â) to 0.83 (coffee). The mean correlation coef®cient was 0.57 (s.d. 0.16) and median 0.58, without signi®cant differences between the different subgroups of gender, age and education. The average agreement of all individual categorized food items was 0.72. Poor agreement was achieved for some types of ®sh and liquors, while the highest agreement was found for ®sh pate Â (0.95). The average agreement was 0.78 and 0.65 for items categorized in two and three categories, respectively. The kappa coef®cients ranged from À0.03 (®sh pate) to 0.68 (strong beer) with an average of 0.45 (0.47 and 0.44 for two and three categories respectively). The weighted kappa coef®cient had an average of 0.51 based on 28 items with more than two categories. Table 1 shows the mean consumption and reproducibility of constructed food groups. The difference between mean consumption of ®rst and second assessment was not statistically signi®cant after correcting for multiple comparisons. The Spearman correlation coef®cients between the ®rst and second assessment were in a range of from 0.49 to 0.74 with median 0.68. The median agreement was 0.62, median kappa coef®cient 0.41 and median weighted kappa 0.53. With all four methods, consumption of alcoholic beverages showed the greatest and meat the lowest reproducibility.
Median coef®cient was higher, albeit not signi®cantly so, for men compared to women (P 0.15) and for older subjects compared to younger (P 0.08). No difference was seen between groups of different length of education (P 0.81; Table 2) . Table 3 presents the mean values of the Spearman correlation coef®cient for food items within tertiles of their mean frequency and skewness of consumption at the ®rst assessment. All food items showed a positively skewed distribution in a range of 0.14 ± 9.51. The mean values of the correlation coef®cients show a positive relation to the frequency of consumption and a negative relation to skewness.
Dietary changes from adolescence
The reproducibility of reports of dietary variation from adolescence, measured by the Spearman correlation coef®-cient, ranged from 0.19 (cod liver) to 0.69 (shells) with median 0.38, mean 0.40 and standard deviation 0.11 for 45 food items. Only nine of the items had correlation coef®-cients above 0.50. The kappa coef®cient showed generally lower values with a median of 0.33, mean 0.33 and standard deviation 0.09.
In a separate analysis by gender men had a signi®cantly (P 0.01) higher median reproducibility of reports of dietary variation from adolescence compared to women. The median Spearman correlation coef®cient was 0.48 (mean 0.46, s.d. 0.17) for men and 0.37 (mean 0.38, s.d. 0.14) for women. Further, subjects with formal education up to 11 y had a median correlation coef®cient of 0.33 (mean 0.35, s.d. 0.14), while subjects with higher education had a median value of 0.45 (mean 0.45, s.d. 0.14). This difference was signi®cant (P 0.001). No statistically signi®cant difference emerged between subgroups of age.
Nutrient intake
We analysed the reproducibility of intake of 17 nutrients (four macronutrients and 13 micronutrients chosen for their purported importance in carcinogenesis), and of an estimate of energy intake (Table 4) . When comparing individual 
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nutrients there was no signi®cant difference between the ®rst and second assessment after the Bonferroni ± Holm correction for multiple comparisons. Likewise, the overall Hotelling test showed a non-signi®cant difference between the two measurements (P 0.29). All comparisons between the two measurements were carried out both between crude estimates and after energy adjustment. This adjustment resulted in the same pattern of the reproducibility estimates although their absolute values were slightly lower. Only the unadjusted results are therefore presented here. When the reproducibility was measured through correlation between the estimated nutrients intake at the two assessments, the median of the Spearman correlation coef®cients was 0.56 (range 0.43 ± 0.77). The mean correlation coef®cient (Spearman) between these 17 nutrients and energy was 0.69 (s.d. 0.25).
The median observed proportion of agreement in the same quartile for the nutrients intake was 0.45 (range The cut-off points for the tertiles of mean frequency of consumption were 1.7 and 8.1 portions per month, respectively. b The cut-off points for the tertiles of skewness were 1.5 and 2.8, respectively. RS, Spearman correlation coef®cient; Agree, the observed proportion of agreement in categories (quartiles) between the two assessments; Kappa weighted, k statistic between categories (quartiles).
a Paired t-test (®rst and second assessment for the participants in the reproducibility study).
b
Only participants at age 21 or older.
Reproducibility of diet reports LM Hansson et al 0.36 ± 0.61) and median weighted kappa coef®cient was 0.40 (range 0.28 ± 0.61). Table 5 gives the correlation coef®cients for nutrients intake in subgroups of gender, age and education. The median correlation coef®cient was 0.64 for men and 0.51 for women (P 0.02; Wilcoxon signed rank test). However, the correlation was higher among women than among men for energy, total fat, proteins and ®bre intake. Correlation was higher in the older group (age above 45 y) than the younger one for all items but one. Consequently, the median correlation coef®cient of the older age group (0.63) was signi®cantly (P 0.001) higher than that of the younger age group (0.45). The less educated group (11 y of education or less) showed a somewhat higher, but not statistically signi®cant, reproducibility, than the more educated one. The results from these signed-rank tests must be interpreted with caution due to the high correlation between the different nutrients.
Discussion
The reproducibility of reports concerning dietary habits in the remote past has not often been assessed in nutritional epidemiological studies, since most reproducibility studies refer to the year prior to the interview. The assessment of dietary habits and the estimate of nutrients intake relative to a 1 ± 5 y earlier point in time were fairly reproducible in the present study. However, the reproducibility showed some variations in subgroups of gender, age and education.
The subjects in this study were not a random sample from the underlying population (for instance, there was a gender and age unbalance), and therefore the results cannot freely be generalized. Further, we cannot exclude the possibility that self-selection for the second assessment occurred on the basis of dietary habits. However, this seems unlikely, as there were only small differences between the food consumption reported by subjects who participated and by those who did not participate in the second assessment. Positive features of the study are, on the other hand, the wide range of age of the study subjects and the account made for the in¯uence of seasonal variations in food consumption.
Our study contributes to the understanding of the relation between reproducibility of dietary reports and patterns of food consumption at the population levels. Frequency and homogeneity of consumption emerged as predictors of reproducibility. The reproducibility was indeed high whenever elevated mean consumption appears together with relatively symmetric distributions (such as in the case of milk, yoghurt, fruits). Low mean consumption together with skewed distributions characterizes foods where a large group of non-consumers is counterbalanced by a few subjects with relatively high consumption (the case of ®sh, broccoli, alcoholic beverages). The mean reproducibility of these food items is lowest. This may be due to irregular consumption patterns of rarely consumed foods. This observation is in agreement with the pattern observed by Pietinen et al (1988a, b) in Finnish men. Incidentally, this feature may also explain the apparent paradox of a very low correlation coef®cient together with a very high agreement for some very rarely consumed foods (eg ®sh pate Â in this study).
On the other hand, foods at the basis of the daily diet (eg bread, butter) might have remarkable within-person variation over time, so that a very high reproducibility cannot be expected for reports referring to a point in time of some years prior to the interview.
The reports of dietary changes from young to adult age had rather low reproducibility in this study. This seems in agreement with the results obtained by Wolk et al (1997) using proxy respondents. This low reproducibility would suggest caution in assessing dietary habits referred to a very Only participants at age 21 or older.
Reproducibility of diet reports LM Hansson et al remote past, since even a measure of its relative variation over time seems prone to high within-subject variability, the determinants of which are poorly known. We found a high reproducibility of nutrients intake in this study, including items such as vitamin and provitamin A (ie retinol and b-carotene), which showed low reproducibility and validity in previous assessments (eg Bueno de Mesqiuta et al, 1992) . This may indicate that the consumption of the main sources of vitamin A included in this questionnaire (eg carrots) has low intraindividual variation, owing to the limited amount of varieties of yellow ± green vegetables in the Swedish diet. Furthermore, the reproducibility of nutrients intake from a short FFQ is likely to be highest for nutrients ascertained from a limited number of sources. This is re¯ected in the low reproducibility of proteins intake as compared to b-carotene in this study.
Our ®ndings in the separate analyses of gender, age and education further indicate that dietary patterns, and possibly other behavioural traits and associated lifestyles, play a role in diet recall. Other studies (ie Bohlscheid-Thomas et al, 1997; Ocke Â et al, 1997) report higher unadjusted reproducibility correlations for all nutrients for men compared with women. In our study micronutrients had a higher reproducibility among men, while macronutrients and energy intake appeared more reproducible among women. Similar gender differences were also reported in another study (Pisani et al, 1997) . These differences might indicate two (not mutually exclusive) phenomena. Firstly, women may pay greater attention than men do to the energetic content of foods (Pietinen et al, 1988a) , and therefore may have a more constant intake, andaor a more constant report of high calorie foods. Secondly, their reports may be consistently biased towards a perceived high social desirability of nutritional patterns (Hebert et al, 1995 (Hebert et al, , 1997 .
The higher reproducibility of dietary reports in the older age group suggests the importance of regularity of food habits for the reproducibility of dietary reports. Old people tend to have a more monotonous diet than young people have. The lower intra-individual variability of dietary habits may even compensate the tendency towards poor repeatability due to impaired memory (Lazarus et al, 1995; Pietinen et al, 1988a) . The limited food list used in this study probably enhanced the difference between age groups, insofar as it was based on an expected`representativeness' of food habits in the Swedish population. This can no longer be assumed for young people, among whom a substantial departure from the traditional meals has taken place in the last two decades. If stability of diet were a major factor determining the consistency of reports, one would expect a very high reproducibility among aged people also because past, rather than current diet, was investigated in this study.
The differences between subjects with different duration of formal education are not as easy to interpret. Low education goes in hand with high age and economic constraints, which may render dietary choices narrower and more stable over time. On the other hand, high formal education may be related to a better consistency of recall.
All these aspects are of practical importance when assessing reproducibility of diet reports in epidemiological studies. In fact, reproducibility might not be an unequivocal nor homogeneous dimension, but rather a group-speci®c one. Therefore it is advisable to carry out the analysis of reproducibility also within subgroups.
Along with this, we underline that the choice of the method to assess the reproducibility, and the consequent evaluation of the strength of the study results, should rest on the strategy with which the epidemiological analytical study is carried out.
